Background and Purpose-Methods of performing and reporting randomized clinical trials (RCTs) are available, but weaknesses still occur. For observational studies, methodology is less well described, and weaknesses are even more likely. In recent guidelines for patients with subarachnoid hemorrhage (SAH), 25% of treatment recommendations are based on clinical trials. To interpret the results of research on the therapeutic effect of treatment modalities, definition of outcome measures is essential. We assessed quality of study design and outcome measures and presence and precision of definitions concerning major complications of SAH in studies evaluating treatment strategies in patients with aneurysmal SAH. Methods-We retrieved and reviewed all articles on treatment strategies in patients with SAH that fulfilled a prespecified set of criteria and were published during 1990 -1999 in 10 general, neurosurgical, or neurological journals. We categorized articles into RCTs, observational studies with a control group, and observational studies without a control group. We assessed study design by means of a prespecified set of methodological criteria. For outcome measures we assessed whether a prespecified outcome measurement was defined and whether any handicap scale was used. For complications after SAH we assessed whether the definition included a description of the clinical features and a technical investigation with criteria for abnormal results. Results-We identified 18 RCTs, 24 observational studies with a control group, and 41 uncontrolled observational studies.
T he methodology of randomized clinical trials (RCTs) has been studied extensively, and guidelines on performing and reporting of RCTs are available, 1,2 but RCTs often have methodological weaknesses. [3] [4] [5] Such methods are less well formalized for performing and reporting observational studies, and these studies may therefore be weaker. In the guidelines of the Stroke Council of the American Heart Association, approximately 25% of treatment recommendations for patients with aneurysmal subarachnoid hemorrhage (SAH) were based on evidence of 1 or more RCTs. The remaining 75% of recommendations for the treatment of patients with SAH resulted from observational studies. 6 For the implementation of treatment strategies, not only the type of study (RCT or observational study) but also the methodological content should be considered.
In reports of research on treatment strategies, an accurate definition of outcome measures is essential. An important prognostic factor for a poor outcome in patients with SAH is the neurological condition of the patients after the initial hemorrhage, 7 but the subsequent complications of rebleeding, delayed cerebral ischemia (DCI), and hydrocephalus often influence the eventual outcome of the patients as well.
We reviewed articles about treatment in patients with aneurysmal SAH published in leading journals during 1990 -1999. We assessed (1) overall quality of study design, (2) outcome measures, and (3) presence and precision of defini-tions of the 3 major complications of SAH, ie, rebleeding, ischemia, and hydrocephalus.
Methods

Search Strategy
We identified articles during 1990 -1999 
Eligibility
Articles were included on the basis of the following criteria: (1) report on a study about a certain treatment strategy, (2) full article (no abstract or letter), (3) direct observation of patients (no review or meta-analysis), and (4) number of patients Ն5. Exclusion criteria were as follows: (1) combined report on patients with and without SAH and (2) report on patients with SAH from causes other than a ruptured aneurysm. We categorized articles according to study design into (1) RCTs, (2) observational studies with a control group, and (3) observational studies without a control group. We used separate criteria for each study design.
Definitions
Criteria for study design and definitions of outcome measures were derived from 2 standard textbooks 8, 9 and from guidelines for reporting on RCTs. 1 Criteria for the definition of the 3 major complications from SAH were based on a previous and similar study on the precision of definitions of complications of aneurysmal SAH during 1985-1992. 10 For the study design of RCTs, we assessed whether (1) the method of randomization was reported, (2) all patients who entered the study were accounted for in the analysis, (3) patients were analyzed in the treatment groups to which they were randomized, (4) blinded outcome assessment was used, (5) information on power calculation was given, (6) equality of treatment in the different trial arms (aside from the experimental treatment) was ensured and accounted for, and (7) baseline characteristics of treatment groups were balanced at the start of the trial, and, in case of imbalance, adjusted for in the analyses.
For observational studies with a control group, we assessed whether patients and controls were stratified for the following major prognostic factors: (1) clinical condition on admission, (2) delay between SAH and admission, (3) severity of hemorrhage on CT scan, and (4) site and size of the ruptured aneurysm. If patients and controls were not stratified for these prognostic factors and the distribution was unbalanced, we assessed whether the factors were adjusted for.
Criteria for study design on observational studies without a control group were as follows: (1) the study population should be a consecutive cohort of patients, (2) included patients should fulfill prespecified criteria, and (3) information on study design (retrospective or prospective) should be given.
For the outcome measures in all categories of studies, we assessed (1) whether a prespecified outcome measure was defined and (2) whether any scale of handicap was used or information on degree of dependence was given.
Furthermore, we assessed whether the 3 major complications from SAH (rebleeding, DCI, and hydrocephalus) were precisely defined if studied. We considered the definition of each of these 3 major complications adequate if it consisted of any description of required clinical features, supplemented by technical investigation with specification of criteria for abnormal results.
Data Extraction
Two observers (I.C. van der S. and Y.M.R.) independently assessed eligibility of studies and extracted data from the included studies, using the aforementioned criteria on study design and definitions on outcome measures and major complications. If no information on a criterion could be found, we categorized this criterion as absent. For observational studies with a control group, we additionally used the category "not applicable" in case a criterion could not be applied. For example, if a study compares the proportion of surgical complications between patients in a good and a poor clinical condition before operation, stratification for the criterion "clinical condition on admission" is not useful. In case of disagreement between the 2 adjudicators, consensus was reached by reviewing the study together.
If disagreement remained, the article was discussed with all authors until agreement was achieved. We set out to conduct a separate analysis for articles in neurological/neurosurgical journals and those in general medical journals and a separate analysis according to the impact factor of the journals. Furthermore, we compared the presence and precision of definitions of outcome measures and of definitions of the 3 major complications between RCTs and observational studies.
Results
We identified 83 articles that fulfilled the inclusion and exclusion criteria of this study; these articles reported on 20 020 patients. Of these 83 articles, 71 were published in neurosurgical journals, 10 in neurological journals, and 2 in general journals. Because we could only identify 2 articles on the treatment of SAH in the general journals (both published in Lancet), we did not perform a separate analysis for neurological/neurosurgical versus general journals. Since 86% of articles were derived from only 2 journals (Journal of Neurosurgery and Neurosurgery), an analysis according to the impact factor of the article was also not useful. Eighteen studies were RCTs (5995 patients), 24 studies were observational with the use of a control group (4458 patients), and 41 studies were observational without the use of a control group (9567 patients). Figure 1 illustrates the number of RCTs fitting the criteria for study design. Two of the 18 RCTs met all 7 criteria; these 2 studies reported on 203 patients (3.4% of all patients included in the 18 RCTs). The median number of criteria that were met for study design of RCTs was 5.5.
Study Design
Information on criteria for study design of observational studies with a control group is shown in Figure 2 . None of these 24 studies met all 4 criteria for study design. The median number of criteria that were met for study design of observational studies with a control group was 2. Figure 3 shows data on study design for observational studies without a control group. Fourteen (34%) of the 41 observational studies without a control group were prospective, 13 studies (32%) were retrospective, and in 14 studies (34%) no information on the study design was given. Fifteen studies met all 3 criteria for study design; these reported on 8109 patients (85% of all patients included in observational studies without a control group). The median number of criteria that were met for study design of observational studies without a control group was 2.
Definition of Outcome Measures
Sixty-seven of all 83 studies had a prespecified primary outcome measure, which was defined in 59 studies (88%). The primary outcome measure consisted of a scale on handicap or information on degree of dependence in 16 of 67 studies (24%). In 65 of the 83 studies (78%), a scale on handicap or information on degree of dependence was used for at least 1 of the outcome measures. The median number of fulfilled criteria for outcome measures was 2. In 14 of the 18 RCTs a prespecified primary outcome was used, which was defined in 13 studies. Of the 65 observational studies, a prespecified primary outcome measure was used in 53 studies, which was defined in 46 studies. In 16 RCTs and in 49 observational studies, at least 1 clinically relevant outcome measure was used.
Definition of Complications
Of the 83 studies included, 66 (80%) reported on DCI, 26 studies (31%) on rebleeding, and 14 studies (17%) on hydrocephalus. Eight studies (10%) reported on all 3 specific complications, 17 studies (20%) on 2, 48 studies (58%) on a single complication, and 10 studies (12%) on none of the 3 complications. The proportions of articles fulfilling the criteria for complete definition of the 3 major complications are shown in Figure 4 . A complete definition of DCI was given in 13 of the 66 studies (20%) that used DCI as an outcome event (corresponding to 3676 patients, 20% of the patients for whom DCI was used as an outcome measure). The median number of criteria fulfilled for the definition of DCI was 2. Rebleeding was completely defined in 2 of the 26 studies (8%), corresponding to 489 patients (4.5%). The median number of criteria that were met was zero. A complete definition of hydrocephalus was given in 2 of the 14 studies (14%) (corresponding to 489 patients, 4.5% of the patients in whom occurrence of hydrocephalus was recorded). The median number of criteria fulfilled to define hydrocephalus was 0.5. Sixteen RCTs reported on DCI, and a complete definition was given in 7 of them. Of the 53 observational studies reporting on DCI, a complete definition was given in 6 studies. In 2 RCTs rebleeding was used as an outcome measure, and in both studies it was not completely defined. Of the 24 observational studies reporting on rebleeding, 2 studies had an adequate definition of this outcome measure. Two RCTs reported on hydrocephalus, and in both the criteria for complete definition were not fulfilled; 12 observational studies reported on this outcome measure, and a complete definition was given in 2 of them.
Discussion
The majority of studies reporting on treatment strategies in SAH do not fulfill generally accepted criteria for good methods. This applies to RCTs as well as to observational studies with or without a control group. The major complications after SAH were adequately defined in Ͻ20% of studies, and in 25% of the studies that mentioned outcome, no degree of handicap or dependence was given. There was no marked difference in presence and precision of definition of outcome measures and of definitions of the 3 major complications between RCTs and observational studies.
For evidence on treatment strategies, not only the type of study (RCT or observational study) but also the methodological content of a study should be considered. Few recommendations for treatment of SAH are based on RCTs; most are based on observational studies. 1 The implication of the poor methodological quality of these trials and observational studies is that treatment strategies are based on weak evidence.
We used more stringent requirements for reporting on study design for RCTs than for observational studies because guidelines on methodological requirements are usually based on the former study type. For this reason, we did not compare the proportion of RCTs fulfilling the criteria for study design with the proportion of observational studies fulfilling these criteria.
Our results are an underestimation of the methodological problems in studies on SAH. We selected studies from prominent journals, with high impact factors. 11 The studies we selected already met the standards of these journals. Therefore, any selection bias in the reviewed literature is likely to be in the direction of good methods. 
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Our analysis was limited to the question of whether specific criteria for study design and complications were mentioned. Some studies may not have mentioned adequate criteria but still may have used them. Conversely, an adequate description of criteria does not necessarily imply that these criteria are adequately applied. 5 In 1994, a similar survey assessed the precision of definitions used for reporting on initial grade; the specific complications of rebleeding, DCI, and hydrocephalus; and the overall outcome in patients with aneurysmal SAH during 1985-1992. 10 In that report, two thirds of included studies had incomplete or even no criteria for defining complications. In our study criteria for precise definition of complications were more stringent.
We conclude that most studies on treatment strategies in SAH still suffer from many methodological weaknesses. The implication of this finding is that most advice and guidelines on treatment strategies are based on weak evidence. Because guidelines for performing and reporting are available for both RCTs and observational studies, resources and patients should be directed only toward well-designed studies.
